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Description 

The present invention is directed to a method of separating a saturated hydrocarbon from an ethylenically unsatu- 
rated hydrocarbon. 

5 It is known to separate saturated hydrocarbons (e.g. propane) from ethylenically unsaturated hydrocarbons (e.g. 

propylene) by distillation. The mixture of the saturated and unsaturated hydrocarbons is typically obtained from a de- 
hydrogenator or hydrocarbon cracker. The cracker receives a feed gas composed primarily of the saturated hydrocar- 
bon and dehydrogenates or cracks the feed gas to form the ethylenically unsaturated hydrocarbon in an admixture 
with residual un reacted feed gas. 

10 The conventional method of producing propylene from a feed gas composed primarily of propane usually involves 

three principal steps: 

i) the production of propylene from a propane feed in a dehydrogenator or hydrocarbon cracker 

ii) the separation of the light components, and 

IS iii) the separation of propylene from propane and other heavy components. 

The production of propylene from propane is normally carried out in a catalytic dehydrogenation reactor or a thermal 
cracker A catalytic dehydrogenator reactor is normally operated at high temperatures (500* to 700^*0) and low pres- 
sures 20 to 345 kPa (3 to 50 psia. The resulting effluent is cooled and compressed, and the light components such as 

20 hydrogen, methane and C2 hydrocart)ons are removed. C2 components may be removed by a deethanizer, the afore- 
mentioned lighter components may be rennoved by a demethanizer. The heavier components (C3S and higher) are 
subsequently fed into a Cs-splitter, which typically is a 2-column distillation system. The first column of the 2-column 
distillation system separates a substantial portion of the propane to produce a chemical or refinery grade propylene of 
at least 90 volume percent purity, typically about 96 volume percent. The second column improves the purity level to 

25 99+ volume percent to obtain polymer grade propylene. The heavier components are subsequently removed by a 
deoiler to reclaim the un reacted propane for recycling back to the reactor. 

The process of separating propylene from propane by distillation is both difficult and costly. This is because the 
production of polymer grade propylene is a very energy-intensive process. Typically, the second distillation column 
must be nearly equal in size to the first distillation column, adding significant capital expense to the process. Further, 

30 the energy required to improve purity from 96 volume percent to 99+ volume percent in a conventional distillation 
process is more than half of that required to produce chemical or refinery grade purity propylene (about 96 volume 
percent purity) from a 40 volume percent propane/60 volume percent propylene feed mixture. 

In a conventional process for producing propylene from propane, the feed mixture obtained from the reactor at low 
pressure 20 to 345 kPa (3 to 50 psia) and high temperature (500» to 700'C) must be compressed to higher pressures, 

35 typically from 1 380 to 4480 kPa (200 to 650 psia), and then cooled to near ambient temperatures (20" to 50''C) in order 
to remove the light components. Demethanizer and deethanizer columns are normally used for the rennoval of the light 
hydrocarbon components. To separate propylene from propane using distillatbn columns (super-fractionators), the 
process gas stream may be expanded and cooled further to as low as -50*C. 

A propane-rich stream is obtained as the bottom product of the super-f ractionator. and this stream is recycled back 

40 to the reactor. A propylene-rich gas is obtained from the top of the column as the final product. If propylene purity levels 
exceeding 96 volume percent are desired, then a second distillation column must be used. Along with the high capital 
expense of the distillation columns, the increase in pressure and reduction in temperature of the reactor effluent requires 
a significant consumption of energy which adds to the cost of the system. 

Thus, the employment of consecutive distillation columns for the production of an unsaturated hydrocarbon from 

45 a feed stream of a saturated hydrocarbon and for the separation of saturated and unsaturated hydrocarbons suffers 
from two principal disadvantages. The process uses large amounts of energy when the high temperature gas is com- 
pressed and cooled prior to entering the distillation system. In addition, a large capital expenditure is Incurred when a 
plurality distillation columns are used to obtain unsaturated hydrocarbon purity levels up to and exceeding 99 volume 
percent, particularly in the production of propylene from propane. 

so US-A-4.91 7,711 describes the ambient temperature adsorption of the unsaturated hydrocarbon from a mixture 

containing the unsaturated hydrocarbon and a saturated hydrocarbon using a copper adsorbent supported on a high 
surface area substance. 

US-A-3 067 271 discloses a moving bed adsorption process for adsorption of an ethylene-propylene mixture from 
a gas mixture which additionally incluse alkanes and other components. Desorption is accomplished by a stripping 
55 gas. The adsorption is performed at a temperature in the range of about minus 1 8*C to plus 93°C, usually about 38°C. 

The invention aims at providing a separation method which makes it possible to achieve hydrocarbon separation 
at high product yield and with good selectivity. 

According to the present invention there is provided a method of separating a gaseous alkene from a gas mixture 
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comprising of said alkene and one or more alkanes comprising: 

(a) subjecting said gas mixture to a first pressure swing adsorption step comprising passing said gas mixture 
through at least one bed of 4A zeolite adsorbent at a temperature above about 50" C, thereby preferentially 

5 adsorbing said alkene from said gas mixture; and 

(b) desorbing the adsorbed alkene from said at least one bed. 

The present invention is applicable to the separation of alkenes having 2 to 6 carbon atoms from alkanes having 
'io 2 to 6 carbon aXoms, and is particularly applicable to the separation of one or more alkenes having 2 to 4 carbon atoms 
from one or more alkanes having 2 to 4 carbon atoms by preferentially adsorbing the arKene(3) in a pressure swing 
adsorption process carried out alone, as described above, or carried out in combination with a distillation process or 
another pressure swing adsorption process, the particular sysXem employed depending on the components present in 
the feed stream being treated and the specification of the final product, 
ts The present invention optionally utilises hybrid process techniques effectively to meet more stringent product spec- 

ifications. In one hybrid separation method for producing gaseous alkene in accordance with the invention, the gaseous 
mixture of an alkene and an alkene, such as a mixture of propylene and the corresponding alkane, propane, obtained 
from the dehydrogenation of a propane feed gas, is compressed and cooled to remove the light components, i.e. 
hydrocarbons having up to 2 carbon atoms, and then fed to a distillation column for further purification. Since a warm 
20 gaseous product is often desired, rather than using two serially-connected distillation columns to separate propane 
from propylene according to conventional procedures, the second distillation step can be replaced by the method 
according to the invention. 

The bottom product of the distillation column, a saturated hydrocariaon rich stream, is recycled to the reactor. The 
overhead product, an alkene-rich stream, is heated and sent as a feed to a pressure swing adsorption system for 

25 performing the method according to the invention where most of the remaining alkane is removed by the preferential 
adsorption of the alkene. Any alkane remaining in the pressure swing adsorption unit can be recycled back to the 
dehydrogenation unit or to the distillation column as a mixture with the non-adsorbed alkene. A high purity alkene 
vapour (i.e. 99 or higher volume percent alkene) is obtained. Upon regeneration of the adsorbent In the pressure swing 
adsorption system, an unsaturated hydrocarbon Is obtained at purity levels which can exceed 99 volume percent. 

30 If a liquid alkene product Is desired, the pressure swing adsorption process is carried out upstream of the distillation 

step. In this embodiment, the gaseous mixture, which has been stripped of the light hydrocarbon components, Is fed 
into a pressure swing adsorption unit for performing the method according to the Invention where a major portion of 
the alkane is removed and recycled to the reactor. The alkene-rlch stream from the pressure swing adsorption unit is 
then sent to a distillation column where most of the remaining alkane is removed. A liquid alkene product is obtained 

35 from the overhead condenser of the distillation column at purity levels which can well exceed 99 volume percent. 

In another embodiment of the invention, the light components such as hydrogen, methane, C2 hydrocarbons and, 
possibly some higher alkanes from the reactor effluent are removed by a preliminary first pressure swing adsorption 
process. In this embodiment, the stream exiting the preliminary pressure swing adsorption process is subjected to the 
above-described pressure swing adsorption process, wherein the alkane is separated and recycled to the reactor and 

40 a high purity stream of alkene is obtained as the final product. In this embodiment, very high purity liquid alkene can 
be obtained by adding a distillation step at the end of the second adsorption process. 

Methods according to the present invention will now be described by way of example with reference to the accom- 
panying drawings, in which: 

45 Figure 1 Is a schematic view of one embodiment of the invention in which a mixture of saturated and unsaturated 

hydrocarbons is sent directly to a pressure swing adsorption system; 

Figure 2 is a schematic view of another embodiment of the invention, similar to Figure 1 , in which a purge gas is 
used to regenerate the pressure swing adsorption system; 

so 

Figure 3 is a schematic view of a further embodiment of the invention in which a first pressure swing adsorption 
unit treats the light components and a second pressure swing adsorption unit separates the saturated hydrocarbon 
from the unsaturated hydrocarbon; 

BS Figure 4 is a schematic view of another embodiment of the inventbn in which the effluent of a dehydrogenation 

reactor is treated to remove light components in a first pressure swing adsorption unit and a mixture of saturated 
and unsaturated hydrocarbons is sent to a second pressure swing adsorption unit and the resulting unsaturated 
hydrocarbon rich feed is cooled, compressed, and sent to a distillation column for further purification; 
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Figure 5 is a schematic view of another embodiment of the invention which is similar to that shown in Figure 4, 
wherein the two pressure swing adsorption units are combined into a single pressure swing adsorption system; and 

Figure 6 is a schematic view of another embodiment of the invention in which a mixture of saturated and unsaturated 
5 hydrocarbons is sent to a distillation column and an unsaturated hydrocarbon rich feed is sent to a pressure swing 

adsorption system for further purification. 

The invention is useful for the separation of gaseous alkenes from gaseous alkanes. The separation is effected 
by pressure swing adsorptbn using an adsorbent which more readily adsorbs alkenes than alkanes at the adsorptbn 

10 temperatures employed. Alkenes which can be separated by the process of the invention are generally those having 
2 to 6 carbon atoms and include ethylene, propylene, the butenes. the pentenes and the hexenes. The gaseous alkanes 
from which the alkenes are separated are those generally having 2 to 6 carbon atoms and include ethane, propane, 
the butanes, the pentanes and the hexanes. In a preferred embodiment the process of the inventkui is applied to the 
separation of alkenes having 2 to 4 carbon atoms from alkanes having 2 to 4 carbon atoms. The most beneficial 

IS application of the invention involves the separation of an alkene having 2 to 6 carbon atoms from the corresponding 
alkane, i.e. an atkane having the same number of carbon atoms as the alkene being separated. Preferred separations 
include ethylene-ethane separation, propylene-propane separation and separations between one of the butenes, e.g 
i-butylene, and one or more of the butanes, e.g. n-butane or i-butane. 

A preferred adsorbent for the adsorption of the alkene from the alkene-alkane mixture is unmodified type 4A zeolite, 

20 I.e. the sodium form of type A zeolite, which has a pore size of about 0,4 nm (4 Angstrom). This adsorbent provides 
enhanced selectivity and capacity in adsorbing alkenes from alkene-alkane mixtures at elevated temperatures. 

In some instances it may be desirable to exchange some of the sodium ions by other metal ions. This may be 
done, provided that the percentage of ions exchanged is not so great that the ability of the adsorbent selectively to 
adsorb alkenes from alkene-alkane gas mixtures at elevated temperatures is significantly adversely affected. In general, 

2S it has been determined that up to about 25 percent of the sodium ions in 4A zeolite can be replaced by ion exchange 
with other cations without changing the 4A character of the adsorbent. Cations that may be ion exchanged with the 4A 
zeolite used in the alkene-alkane separation include, among others, potassium, calcium, magnesium, strontium, zinc, 
cobalt, silver, copper, manganese, cadmium, etc. 

4A zeolite which contains certain oxidizable metal cations exhibits enhanced adsorptive capacity and selectivity 

30 with respect to the preferential adsorption of alkenes from gaseous alkene-alkane mixtures at temperatures above 
about 100° C. For instance, copper ion-exchanged 4A zeolite strongly adsorbs ethylene and propylene from mixtures 
containing these alkenes and the corresponding alkanes at temperatures in the range of about 100 to 200° C. 

The temperature at which the adsorption step of the alkene-alkane adsorption process is carried depends upon a 
number of factors, such as the particular alkene and alkane being separated, the particular adsorbent being used, e. 

35 g. unmodified 4A zeolite or a particular metal-exchanged 4A zeolite, and the pressure at which the adsorption is carried 
out. In general, the adsorption step Is carried out at a minimum temperature of about 50° C. and preferably at a tem- 
perature of at least about 70" C. The upper temperature limit at which the adsorption step of the process of the invention 
is carried out is determined by mostly by economics. In general the adsorption step can be carried out at a temperature 
below the temperature at which the alkene undergoes chemical reaction, such as polymerisation. When unmodified 

40 4A zeolite is used as the adsorbent the reaction is generally carried out at or below 200* C, and is preferably carried 
out at a temperature at or below 170° C. When certain metal-exchanged 4A zeolites, particularly copper-containing 
4A zeolite is used as the adsorbent the adsorption step is generally carried out at temperatures between about 100° 
C. and 200° C, , and is preferably carried out at temperatures in the range of about 125 to 200° C, and is most preferably 
carried out at temperatures in the range of about 150 to about 200° C. 

45 The pressures at which the adsorption and regeneration steps of the process of the invention are carried out are 

not critical, and in general, this step can be carried out at any of the usual pressures employed for gas pressure swing 
adsorption processes. Typically the absolute pressure during the adsorption step will range from about 20 to about 
2000 kPa (about 0.2 to about 20) atmospheres absolute), and preferably from about 100 to 1000 kPa (about 1 to 10 
atmospheres) and during the regeneration step will range from about 2 to 100 kPa (about 20 millibars to about 1 

so atmosphere). 

To simplify discussion of the invention, the preferred embodiments of the invention will be described with particular 
reference to propylene as the adsorbed alkene and propane as the nonadsorbed alkane. It should be understood, 
however, that the present invention is applicable to separation of other gaseous alkenes and alkanes, as detailed above. 
Referring to the drawings and particularly to Figures 1 and 2, there is shown a first embodiment of the invention 
ss in which a gaseous mixture of propylene and propane is sent directly to a pressure swing adsorption system. As shown 
in Figures 1 and 2, a propane feed is sent via line 2 to a propane dehydrogenator or hydrocarbon cracker reactor 4 
wherein a portion of the propane (typically about 40 percent by volume) is converted to propylene. The reaction is run 
under conditions typical in the art including a reaction temperature of 500° to 700°C and a reaction pressure of 20 to 
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345 kPa (3 to 50 psia). The particular details of the dehydrogenation reaction are well known and form no part of the 
invention. 

The mixture of propane and propylene is sent from dehydrogenator 4 via tine 5 to a known device such as a 
demethanizer and deethanizer distillation column system 7 for removing substantially light components including 
6 and, where appropriate, hydrocarbons via line 6. The removal of the light components can also be carried out by 
the known method of compression and cooling. 

The propane-propylene mixture, substantially devoid of light components, Is sent via line 8 to pressure swing 
adsorption unit 10. Unit 10 has at least one bed containing 4A type zeolite adsorbent which is adapted to preferentially 
adsorb propylene while allowing propane to pass through the unit to be recycled with unrecovered propylene to dehy- 
10 drogenator 4. Details of the construction and operation of pressure swing adsorption systems form no part of this 
invention, but such systems, including single and multiple beds are disclosed, for example, in US-A-2. 944,627. 

A substantially pure (99+ volume percent) unsaturated hydrocarbon (propylene) stream exits unit 10 via line 12 to 
a storage vessel (not shown) or is sent directly to the end user such a polymerisation reactor (not shown). 

The propylene adsorbed by the adsorbent is removed through a typical regeneration process employed in pressure 
IS swing adsorption systems. The propylene adsorbed in the beds is removed by desorption, preferably under vacuum 
conditions, with a major portion being recovered through line 1 2 as product. A minor portion of the propylene is returned 
with the unreacted propane via line 14 to dehydrogenator 4 for further processing. 

The adsorbent beds may be flushed with an inert purge gas such as nitrogen or a portion of the substantially pure 
unsaturated hydrocarbon product gas as shown specifically in Figure 2. The purge gas mixture is then removed from 
20 pressure swing adsorption unit 10. If nitrogen is used as the purge gas. the resulting mixed stream is preferably com- 
busted or vented to the atmosphere. Alternatively, a portion of the propane feed can be used as a purge gas via line 
2 through line 15 in which case the off-gas is sent to the dehydrogenator 4. In addition, the product purity can be further 
improved by repressurising the regenerated adsorbent bed with the unsaturated hydrocarbon product. 

The propane feed is reacted in the dehydrogenator 4 at pressures generally in the range of from 20 to 345 kPa (3 
25 to 50 psia) and temperatures of 500° to 700°C. The resulting propane/propylene mixture, after removal of the light 
components, is sent to pressure swing adsorption unit 10, typically operating at a temperature of 50° to 200*C and an 
absolute pressure of 100 to 1000 kPa (1 to 10 atmospheres), as noted above. Thus, the operating temperature of 
pressure swing adsorption unit 10 is generally significantly higher than the operating temperature range of distillation 
columns in which the gaseous mixture must be cooled to temperatures as low as -SO'C. As a consequence, the em- 
30 bodiments of the present invention shown in Figures 1 and 2 are capable of separating saturated and unsaturated 
hydrocarbons with less cooling duty than is required in known distillation systems. 

A preliminary pressure swing adsorption unit can be used to remove the light components as an alternative to a 
demethanizer/ deethanizer distillation system. Referring to Figure 3, the mixture of propane and propylene is introduced 
into dehydrogenator 4 via line 2, and is discharged therefrom line 5 to preliminary pressure swing adsorption unit 11 
35 which preferentially adsorbs propane and propylene; the light components including hydrogen, methane and Cg hy- 
drocarbons are consequently removed from the process stream through line 6. The adsorbents which are used in unit 
11 to preferentially adsorb the propane and propylene and reject the light components are preferably selected from 
silica gel and activated carbon. The unreacted propane and the dehydrogenation product (propylene) leave pressure 
swing adsorption unit 11 via line 8 and enter second pressure swing adsorption unit 10. Alternatively, units 10 and 11 
40 may be combined into a single system with separate beds for recovering the saturated and unsaturated hydrocarbons, 
and rejecting the light components. The propane-propylene mixture is treated in the same manner as described above 
in connection with the embodiments of Figures 1 and 2 to provide a substantially pure propylene product. 

The embodiments shown and described in connection with Figures 1 -3 are particularly adapted for the production 
of a gaseous unsaturated hydrocarbon such as gaseous propylene. In the embodiments which follow, a distillation 
4S column is added to the process scheme to provide options for the production of a liquid alkene product. 

Referring to Figure 4. there is shown another embodiment of the invention in which a pressure swing adsorption 
system is first used to separate the alkene from a gas mixture to purity levels of about 96 volume percent. The alkene- 
rich stream is then sent to a distillation column to remove further amounts of sikene and thereby obtain the alkene at 
purity levels equal to or exceeding 99 volume percent 
so The propane feed is sent via line 22 to dehydrogenator or thermal cracker 24 operating at a pressure of 20 to 345 

kPa (3 to 50 psia) and a temperature of 500° to 700'*C to form a mixture of propane and propylene in a ratio of about 
40/60 volume percent as described in the embodiments of Figures 1-3. The mixture of propane and propylene may 
then be treated to remove the light components. This can be accomplished by compression and cooling, or by means 
of demethanizer and deethanizer columns, or, as shown specifically in Figure 4, by using pressure swing adsorption 
ss unit 27. Unit 27 contains adsorbents such as silica gel and activated carbon which preferentially adsorb propane and 
propylene. The light components are then removed from unit 27 via line 26. 

The gas mixture, now substantially devoid of the light components, proceeds via line 28 to second pressure swing 
adsorption unit 30 where the initial separation of propylene and propane occurs. 
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The propylene present in the propylene rich gas obtained from pressure swing adsorption unit 27 is adsorbed in 
second pressure swing adsorption unit 30, operating at temperature of SO*" to 200*" C. and an absolute pressure of 
about 101 .3 to 101 3 kPa (1 to about 1 o atmospheres). The adsorbent beds of unit 30. preferably containing unmodified 
4A zeolite, preferentially adsorb propylene to thereby produce a propylene product having a purity level of at least 90 

s volume percent, typically about 96 volume percent purity. 

Pressure swing adsorption unit 30 may be purged with an inert gas such as nitrogen or propylene product gas via 
line 29. In the former embodiment, the purge gas mixture may be combusted or vented to the atmosphere. In the latter 
embodiment, the gaseous mixture is preferably recycled to pressure swing adsorption unit 30. The propane feed can 
be used as a purge gas as well by passing propane through line 29. 

10 The resuHing propylene-rtch stream is removed from pressure swing adsorption unit 30 via line 31 . This stream Is 

compressed, for example, to 10 to 300 psig, by compressor 32 and the resulting compressed stream is cooled in heat 
exchanger 33 to a temperature of 40* to -50®C. The compressed and cooled gas is then sent via line 35 to distillation 
column 36. A mixture of propane and propylene is discharged from distillation column 36 and sent as a recycle back 
to pressure swing adsorption until 30 via line 38. A liquid propylene product having a purity level of 99+ volume percent 

IS Is obtained as an overhead product via line 37. Since a substantial separation of the propylene and propane has been 
effected by pressure swing adsorption unit 30, the size of distillation column 36 as well as that of compressor 32 and 
heat exchanger 33 can be relatively small. 

Referring to Figure 5, there is shown an embodiment of the invention in which the pressure swing adsorption unit 
used to remove the light components from the mixed feed stream is combined vith the pressure swing adsorption unit 

20 used to separate the alkene from the alkane to thereby form a consolkJated pressure swing adsorption system. The 
propane-propylene mixed stream obtained from dehydrogenator 50 via line 52 is sent to combined pressure swing 
adsorption unit 54. Unit 54 has one set of adsorbent beds which preferentially adsorbs propane and propylene and 
rejects the light components, which are then removed from the system the line 56. The propylene-propane rich mixture, 
devoid of light components, is sent to a second set of adsorbent beds which preferentially adsorbs rich propylene to 

2S purity levels of up to 96 volume percent. The propylene rich stream is sent via fine 58 to distillation column 60. Pressure 
swing adsorption unit 54 is purged to remove propylene and un reacted propane and the resulting gaseous mixture is 
recycled via line 62 to dehydrogenator 50 or vented to the atmosphere. 

A bottom product Is obtained from distillation column 60 which is composed primarily of unreacted propane and 
propylene. This mixed stream is recycled via line 64 to combined pressure swing adsorption unit 54. Substantially pure 

30 propylene (99+ volume percent) is removed from distillation column 60 via line 66. 

Referring to Figure 6, there is shown another embodiment of the invention in which a distillation column is first 
used to separate the unsaturated hydrocarbon from a saturated hydrocarbon topurity levels of about 96 volume percent. 
The unsaturated hydrocarbon rich stream is then sent to a pressure swing adsorption unit to remove further amounts 
of the alkane and thereby obtain the alkene at purity levels equal to or exceeding 99 volume percent. 

35 The propane feed is sent via line 70 to dehydrogenator or thermal cracker 72 to form a mixture of propane and 

propylene in a ratio of about 40/60 volume percent as described in connection with the embodiments of Figures 1 and 
2. The mixture leaves dehydrogenator 72 via line 74 at a pressure of 20 to 345 kPa (3 to 50 psia) and a temperature 
of 500* to 700* C. The mixture is then treated to remove light components by cooling and compressing, by the use of 
demethanizer column 76, as shown specifically in Figure 6 or by a pressure swing adsorption unit, as previously de- 

40 scribed. The light components are removed via line 78. After exiting demethanizer 76 via line 80, the gaseous mixture 
is cooled to a temperature of 40" to -60°C in heat exchanger 82. 

The cooled hydrocarbon mixture then proceeds via line 86 to distillation column 88 wherein the initial separation 
of propylene and propane occurs. A propylene-rich stream of at least 90 volume percent, typically about 96 volume 
percent purity is removed from distillation column 88 via line 90 for entry into pressure swing adsorption unit 92 for 

45 further purification. A recycle stream of propane and propylene is also sent from distillation column 88 to dehydrogenator 
72 via line 98. A mixture of propane and propylene is recycled to distillation column 88 via line 96. 

The propylene present in the propylene rich gas obtained from line 90 is adsorbed in pressure swing adsorption 
system 92 operating at a temperature of about 50 to about 200°C and an absolute pressure of 101.3 to 1013 kPa 
(about 1 to about 10 atmospheres). The adsorbent beds, preferably containing unmodified 4A zeolite, preferentially 

so adsorb propylene to thereby produce a propylene product having a purity level of 99+ volume percent which exits the 
system via line 100. 

The adsorbent beds of the pressure swing adsorption system may be regenerated as described in connection with 
the description of the embodiment illustrated in Figures 1 and 2. An inert purge gas may also be provided. The purge 
gas is preferably a non-adsorbing gas such as methane or propane. When a purge gas is used the off gas will be sent 
55 directly to dehydrogenator 72. In the absence of a purge gas. a vacuum pump (not shown) may be used in a customary 
manner 

The invention is further illustrated in the following examples wherein, unless otherwise Indicated, parts, percent- 
ages and ratios are on a volume basis. 
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EXAMPLES 1-8 

These examples were carried out in a laboratory pressure swing adsorption apparatus comprising a pair of parallel- 
arranged stainless steel adsorption vessels each equipped with a heating jacket and containing 3842 grams (about 

s 2.5 litres) of the indicated 4A type zeolite. The adsorption cycle consisted of the steps: bed equalisation (9 sees.), 
countercurrent repressurisation with nonadsorbed product (7 sees.), cocurrent adsorption of a feed gas (34 sees.), bed 
equalisation (9 sees.), and countercurrent depressurisation (41 sees.). The total time for a half-cycle was 50 sees. 
Each experiment was carried out for a minimum period of three hours, which ensured the existence of steady state 
conditions. The adsorption was carried out at a pressure of about 170 kPa (about 25 psia), the beds were equalised 

10 to a pressure of 70 kPa (10 psia), and the beds were evacuated to an absolute pressure of 10 to 20 kPa (100 to 200 
millibars). In the examples a feed gas composed of about 12% propane and 88% propylene (by volume) was used as 
the feed gas. The flow rate of the feed stream, high pressure product (HPP) and low pressure product (LPP). which 
are determined for standard conditions, i.e. room temperature and atmospheric pressure, are reported in standard 
litres per minute (SLPM). 

IS 



TABLE 









Flow Rate 


Propylene Recovered % 


Propane Rejected % 


Ex. 


Adsorbent 


Temp. 'C 


Feed 


HPP 


LPP 


1 


4A 


30 


3.37 


0.29 


3.08 


96.0 


43.7 


2 


4A 


70 


5.59 


0.56 


5.03 


96.3 


66.6 


3 


4A 


90 


6.13 


0.58 


5.55 


97.4 


70.9 


4 


4A 


110 


5.94 


0.52 


5.43 


98.2 


71.0 


5 


4A 


175 


9.88 


1.78 


8.10 


91.0 


82.2 


6 


5A 


30 


8.21 


1.48 


6.73 


85.7 


45.0 


7 


5A 


110 


11.58 


1.40 


10.18 


90.4 


28.8 


a 


13X 


90 


10.28 


1.47 


10.28 


87.6 


28.5 



30 The above examples illustrate the benefits obtained by the invention. In the above series of examples, Examples 

2-5 fall within the scope of the invention and Examples 1 and 6-8 are comparative examples. Examples 2-5 illustrate 
that when experiments within the scope of the invention were conducted a high percentage of the propylene in the 
feed stream was recovered, and good propane rejection rates were obtained. In comparison to this, Example 1 illus- 
trates that when the adsorption process is practiced at 30* C. a high percentage of the propylene in the feed stream 

35 was recovered but only 43.7 percent of the propane in the feed stream was rejected (i.e. was in the nonadsorbed 
product stream). 

Comparative Examples 6-8 show that 5A and 13X zeolites are much inferior to 4A zeolite for high temperature 
adsorptive separation of propylene and propane in that very poor propane rejection resulted from the use of these 
adsorbents. 

40 

Claims 

1 . A method of separating a gaseous atkene from a gas mixture comprising of said alkene and one or more atkanes 
45 comprising: 

(a) subjecting said gas mixture to a first pressure swing adsorption step comprising passing said gas mixture 
through at least one bed of 4A zeolite adsorbent at a temperature above 50' C, thereby preferentially adsorb- 
ing said alkene from said gas mixture; and 
50 (b) desorbing the adsorbed alkene from said at least one bed. 

2. A method as claimed in claim 1 , in which the 4A zeolite adsorbent is unmodified. 

3. A method as claimed in any one of the preceding claims in which the adsorption takes place at a temperature 
55 between 50''C and 200°C. 

4. A method as claimed in any one of the preceding claims, in which the alkane contains from 2 to 4 carbon atoms 
and the alkene contains the same number of carbon atoms as the alkane. 
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5. A method as claimed in any one of the preceding claims, wherein said gas mixture comprises either prq3ylene 
and propane or ethylene and ethane. 

6. A method as claimed in any one of the preceding claims, wherein said gas mixture is passed through said bed of 
s 4A zeolite adsorbent temperature in the range of 70 to 170"C and an absolute pressure of 100 to 1000 kPa. 

7. A method as claimed in any one of the preceding claims, further comprising removing light components comprising 
hydrogen and alkanes having fewer carbon atoms than said alkene from said gas mixture upstream of subjecting 
said gas mixture to said first pressure swing adsorption process. 

10 

8. A method as claimed in Claim 7, wherein the step of removing said light components from said gas mixture com- 
prises subjecting said gas mixture to a preliminary pressure swing adsorption process prior to said first pressure 
swing adsorption process, thereby preferentially adsorbing said alkene and alkanes other than those having fewer 
carbon atoms than said alkene from said gas mixture. 

f5 

9. A method as claimed in any one of claims 1 to 7, further comprising fractionating the desorbate from said first 
pressure swing adsorption process in a distillation column and removing a high purity alkene fraction as an over- 
head stream from said distillatbn column. 

20 10. A method as claimed in Claim 8, further comprising cooling the desorbate from said preliminary pressure swing 
adsorption process and distilling the cooled desorbate, thereby producing as the teed stream to said first pressure 
swing adsorption process a gas mixture concentrated in said alkene. 

11. A method as claimed in Claim 10. further comprising the steps of dehydrogenating a feed stream comprising an 
25 alkane to form said gas mixture and recycling unreacted alkane from said first pressure swing adsorption system 

to the unit in which said step of dehydrogenating the feed stream is carried out. 

12. A method as claimed in Claim 10, further comprising the steps of dehydrogenating a feed stream comprised sub- 
stantially of an alkane to form said gas mixture, recycling unreacted alkane from said first pressure swing adsorption 

30 process to the distillation column and recycling unreacted alkane from the distillation column to the unit in which 

said step of dehydrogenating the feed stream is carried out. 



Patentanspruche 

35 

1 . Verfahren zum Abtrennen eines gasformigen Alkens von einem Gasgemisch, das das Aiken und eines oder meh- 
rere Alkane enthatt, umfassend: 

(a) Untenwerfen des Gasgemisches unter einen ersten Druckschwingungsadsorptbnsschritt, der das Hin- 
40 durchfuhren des Gasgemisches durch mindestens ein Belt aus einem 4A-Zeolith-Adsorptk3nsmittel bei einer 

Temperatur oberhalb von 50 ^'C umfa3t, wodurch vorzugsweise das Aiken aus dem Gasgemisch adsorbiert 
wird; und 

(b) Desorbieren des adsorbierten Alkens von mindestens einem Bett. 

45 2. Verfahren nach Anspruch 1 , wobei das 4A-Zeolith-Adsorptionsmittel nicht modifiziert ist. 

3. Verfahren nach einem der vorstehenden Anspruche, wobei die Adsorption bei einer Temperatur zwischen 50 " 
und 200 °C stattfindet. 

50 4. Verfahren nach einem der vorstehenden Anspruche, wobei das Alkan 2 bis 4 Kohlenstoffatome und das Aiken die 
gleiche Anzahl von Kohlenstoffatomen enthalt wie das Alkan. 

5. Verfahren nach einem der vorstehenden Anspruche, wobei das Gasgemisch entweder Propylen und Propan oder 
Ethylen und Ethan enthalt. 

55 

6. Verfahren nach einem der vorstehenden Anspruche. wobei das Gasgemisch bei einer Temperatur im Bereich von 
70 * bis 170 'C und einem absoluten Druck von 100 bis 1000 kPa durch das Bett aus einem 4A-Zeolith-Adsorp- 
tbnsmittel gefuhrt wird. 
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7. Verfahren nach einem der vorstehenden Anspruche, das weiter das Entfernen von leichten Komponenten, die 
Wasserstoff und Alkane mit weniger Kohlenstoffatomen als das Aiken umfassen. aus dem Gasgemisch, strom- 
aufwarts von dem Ort umfaBt. an dem das Gasgemisch dem ersfen Druckschwingungsadsorptionsverfahren un- 
terzogen wird. 

5 

8. Verfahren nach Anspruch 7, wobei der Schritt, die leichten Komponenten aus dem Gasgemisch zu entfernen. das 
Unterwerfen des Gasgemisches unter ein vorhergehendes Druckschwlngungsadsorptionsverfahren vor dem er- 
sten Druckschwingungsadsorptfonsverfahren umfaBt, wodurch vorzugsweise das Aiken und andere Alkane als 
diejenigen adsorbiert warden, die weniger Kohlenstoffatome aufweisen ats das Aiken aus dem Gasgemisch. 

10 

9. Verfahren nach einem der Anspruche 1 bis 7. das auBerdem das Fraktionieren des Desorbais aus dem erslen 
Druckschwingungsadsorptionsverfahren in einer Destination ssaule und das Entfernen einer Alkenf raktion hoher 
Reinheit als Kopfproduktstrom aus der Destlllationssaule umfaBt. 

IS 10. Verfahren nach Anspruch 8, das weiter das Kuhlen des Desorbats aus dem vorhergehenden Druckschwingungs- 
adsorptionsverfahren und das Destillieren des abgekOhlten Desorbats umfaBt, wodurch ein Gasgemisch als Spei- 
sestrom des ersten Druckschwingungsadsorptionsverfahrens hergestellt wird, worin das Aiken konzentriert ist. 

11. Verfahren nach Anspruch 10, das weiter die Schritte umfaBt, einen ein Alkan umfassenden Speisestrom zu de- 
20 hydrieren, um das Gasgemisch zu bilden, und nicht umgesetztes Alkan aus dem ersten Druckschwingungsad- 

sorptionssystem in die Einheit zurOckzufOhren, in der der Schritt durchgef Ohrt wird. den Speisestrom zu dehydrie- 
ren. 

12. Verfahren nach Anspruch 10, das weiter die Schritte umtaBt. einen im wesentlichen aus einem Alkan bestehenden 
25 Speisestrom zu dehydrleren, wodurch das Gasgemisch gebildet wird, nicht umgesetztes Alkan aus dem ersten 

Druckschwingungsadsorptionsverfahren in die Destillatlonssaule zuruckzuf Oh ren und nicht umgesetztes Alkan 
aus der Destillatlonssaule in die Einheit zuruckzuf uhren. in der der Schritt durchgefuhrt wird, den Speisestrom zu 
dehydrleren. 

30 

Revendicatione 

1. Proc^d^ de separation d'un alcdne gazeux d'un melange de gaz contenant I'afc^ne et un ou plusieurs alcanies, 
comprenant : 

35 

(a) la traitement du melange de gaz dans une premiere etape d'adsorption avec compression altem^e, com- 
prenant la circulation du mdlange de gaz dans un lit au moins d'un adsorbant de zeolite 4A ^ une temperature 
superieure S 50 ''C, de mani^re que Calcine du melange de gaz subisse une adsorption prefdrentielle, et 

(b) la ddsorption de Talc^ne adsorb^ dudit lit au moins. 

40 

2. Precede selon la revendicatbn 1 , dans lequel I'adsorbant de zeolite 4A est d'un type non modifie. 

3. Precede selon I'une quelconque des revendications prec6dentes, dans lequel Tadsorption est r6a!is6e ^ une tem- 
perature comprise entre 50 *C et 200 "G. 

45 

4. Procede selon Tune quelconque des revendications pr6cedentes, dans leque) I'alcane contient 2^4 atomes de 
carbone et Talc^ne contient le m§me nombre d'atomes de carbone que I'alcane. 

5. Procede selon I'une quelconque des revendications precedentes, dans lequel le melange de gaz contient du pro- 
so pyiene et du propane ou de rethyl^ne et de rethane. 

6. Procede selon Tune quelconque des revendications precedentes, dans lequel le melange gazeux circule dans le 
lit de radsorbant de zeolite 4A k une temperature comprise entre 70 et 1 70 *C et ^ une pression absolue comprise 
entre 100 eti 000 kPa. 

55 

7. Procede selon I'une quelconque des revendications precedentes. comprenant en outre {'extraction des elements 
constituants legers contenant I'hydrogene et les ak^anes ayant un plus petit nombre d'atomes de carbone que 
I'aicene, dans te melange gazeux qui se trouve en amont de I'operatlon de traitement du melange de gaz par ta 



9 



EP 0 572 239 B1 



premiere operation d'adsorption par compression altem^e. 

8. Precede selon la revendication 7. dans (equel t'etape d'extraction des elements constituants legers du melange 
de gaz comprend te traitement du melange de gaz dans une operation preliminaire d'adsorption par compression 

s altern^e avant la premiere operation d'adsorption par compression altemde. si bien que I'atcdne et les alcanes 

autres que ceux qui ont un plus petit nombre d'atomes de carbone que I'alc^ne sont adsorb^s pr6f6rentiellement 
et ainsi separ6s du melange de gaz. 

9. Precede selon I'une quelconque des revendication s 1 a 7, comprenant en outre le fractionnement de la matiere 
10 desorbee de ta premiexe operation d'adsorption par compression alternee dans une colonne de distillation, et 

Textraction de la fraction d'alc&ne de puretd dievee comme couraint de tdte de ia colonne de distillation. 

10. Proc6d6 selon la revendication 8, comprenant en outre le refroidissement de la matifere d6sorb6e de reparation 
d'adsorption preliminaire par compression alternee et la distillation de la matiere desorbee et refroidie, pour la 

IS formation de cette maniere, comme courant d'alimentation de la premiere operation d'adsorption par compression 

alternee, d'un melange de gaz concentr6 en alc^ne. 

11. Proc6d§ selon la revendication 10. comprenant en outre des stapes de d6shydrog6nation d'un courant d'alimen- 
tation contenant un alcane pour la lormation du melange de gaz, et de recyclage de I'alcane qui n'a pas r^agi 

20 provenant du premier circuit d'adsorption par compression alternee vers i'ensemble dans (equel est ex^cutde 

I'etape de deshydrogenation du courant d'alimentation. 

12. Proc6d6 selon la revendication 10, comprenant en outre des etapes de deshydrogenation d'un courant d'alimen- 
tation essentiellement forme d'un alcane pour la constitution du melange de gaz, de recyclage de I'alcane qui n'a 

25 pas r6agi, provenant de la premiere op6ratlon d'adsorption par compression altern6e vers la colonne de distillation. 

et de recyclage de I'alcane qui n'a pas r6agi, provenant de la colonne de distillation, vers I'ensemble dans lequel 
est r6alis6e I'etape de d6shydrog6nation du courant d'alimentation. 

30 
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